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Shareable abstract (@ERSpublications)
The International Society for Human and Animal Mycology working group convened an
international expert group that has framed simple guidelines for diagnosing, classifying and
treating ABPA/M for patient care and research using a modified Delphi method https://bit.ly/3I2KIGj

Cite this article as: Agarwal R, Sehgal IS, Muthu V, et al. Revised ISHAM-ABPA working group clinical
practice guidelines for diagnosing, classifying and treating allergic bronchopulmonary aspergillosis/
mycoses. Eur Respir J 2024; 63: 2400061 [DOI: 10.1183/13993003.00061-2024].

Abstract
Background The International Society for Human and Animal Mycology (ISHAM) working group
proposed recommendations for managing allergic bronchopulmonary aspergillosis (ABPA) a decade ago.
There is a need to update these recommendations due to advances in diagnostics and therapeutics.
Methods An international expert group was convened to develop guidelines for managing ABPA (caused
by Aspergillus spp.) and allergic bronchopulmonary mycosis (ABPM; caused by fungi other than
Aspergillus spp.) in adults and children using a modified Delphi method (two online rounds and one in-
person meeting). We defined consensus as ⩾70% agreement or disagreement. The terms “recommend” and
“suggest” are used when the consensus was ⩾70% and <70%, respectively.
Results We recommend screening for A. fumigatus sensitisation using fungus-specific IgE in all newly
diagnosed asthmatic adults at tertiary care but only difficult-to-treat asthmatic children. We recommend
diagnosing ABPA in those with predisposing conditions or compatible clinico-radiological presentation,
with a mandatory demonstration of fungal sensitisation and serum total IgE ⩾500 IU·mL−1 and two of the
following: fungal-specific IgG, peripheral blood eosinophilia or suggestive imaging. ABPM is considered
in those with an ABPA-like presentation but normal A. fumigatus-IgE. Additionally, diagnosing ABPM
requires repeated growth of the causative fungus from sputum. We do not routinely recommend treating
asymptomatic ABPA patients. We recommend oral prednisolone or itraconazole monotherapy for treating
acute ABPA (newly diagnosed or exacerbation), with prednisolone and itraconazole combination only for
treating recurrent ABPA exacerbations. We have devised an objective multidimensional criterion to assess
treatment response.
Conclusion We have framed consensus guidelines for diagnosing, classifying and treating ABPA/M for
patient care and research.

Introduction
Allergic bronchopulmonary mycoses are complex pulmonary disorders caused by immune reactions mounted
against fungi, most often Aspergillus fumigatus, which colonise the airways of patients with chronic lung
disease, most commonly asthma or cystic fibrosis (CF) [1–5]. Allergic bronchopulmonary aspergillosis
(ABPA) may occasionally occur in the absence of any predisposing condition and other chronic lung
conditions, including bronchiectasis and COPD [6–9]. Conventionally, the term ABPA is used when the
causative pathogen is A. fumigatus. In contrast, allergic bronchopulmonary mycosis (ABPM) is an
ABPA-like syndrome caused by fungi other than A. fumigatus [10]. Among the allergens involved in asthma,
no other allergen generates as much interest as A. fumigatus because the fungus is growing in the airways.
Also, ABPA responds exceptionally well to a specific form of therapy. Accordingly, ABPA is considered an
asthma endotype [11] and a treatable trait in CF and non-CF bronchiectasis [12]. Early identification and
treatment of ABPA is crucial to prevent the progression of bronchiectasis.

The diagnostic criteria proposed by the International Society for Human and Animal Mycology
(ISHAM)-ABPA working group (AWG) in 2013 are widely used for diagnosing ABPA [13, 14]. Since the
inception of these guidelines a decade ago, newer evidence has emerged concerning diagnostic test
performance for ABPA. For instance, the skin test was found inferior to serum A. fumigatus-specific IgE
assay [15, 16], serum A. fumigatus-specific IgG detection by enzyme immunoassay proved superior to
immunoprecipitation [17, 18], a lateral flow assay is now available for A. fumigatus-IgG [19–21] and the
minimal diagnostic level of 500 IU·mL−1 is more sensitive than 1000 IU·mL−1 for serum total IgE [16].
Also, several randomised controlled trials (RCTs) in ABPA therapy have been published in the last decade
[22–30]. In light of the above evidence, several international groups have proposed modifications to the
ISHAM-AWG criteria [31, 32]. The diagnosis of ABPA in CF and non-CF bronchiectasis is even more
challenging as manifestations such as bronchiectasis, Aspergillus bronchitis and mucus plugging are seen
in these entities independently of ABPA [33, 34].

Given the emergence of novel yet occasionally conflicting findings and the lack of evidence in certain
areas, new guidelines are needed to assist clinicians and researchers in managing ABPA. With this end in
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view, an expert group was constituted to develop a statement on diagnosing and treating allergic
bronchopulmonary mycoses for clinical practice and research in adults and children.

Methods
As a first step, a core committee was formed with five authors of this statement (R. Agarwal, I.S. Sehgal,
V. Muthu, D.W. Denning and A. Chakrabarti). Two authors (R. Agarwal and V. Muthu) performed a
systematic literature review of the PubMed and Embase databases (to 15 March 2023) to support the
guidelines statement and identify the current gaps in managing ABPA. The following search terms were
used: “allergic bronchopulmonary aspergillosis” OR “abpa” OR “allergic bronchopulmonary mycosis” OR
“fungal sensit*” OR “fungal allerg*” OR “mould allerg*” OR “mold allerg*” OR “mould sensit*”
OR “mold sensit*” OR “fungal asthma” OR “aspergillus sensit*” OR “aspergillus hypersensitivity” OR
aspergillosis, allergic bronchopulmonary [MeSH]. The core committee then framed the questions for the
first round of the Delphi consensus and searched the Scopus researcher discovery database (www.scopus.
com/search/form.uri#researcher-discovery) to identify participants for the Delphi expert consensus group
(DECG). The DECG included specialists from adult and paediatric pulmonary medicine, infectious
diseases, clinical mycology, and radiodiagnosis who were actively involved in the clinical or laboratory
aspects of managing ABPA (supplementary table S1).

We followed a modified Delphi method (figure 1) [35]. The experts were briefed about the objectives and
methodology of the Delphi process. The questions were initially circulated to the experts by e-mail and
additional (or modification of) questions were invited. The questions were modified after receiving
opinions from the expert group. The first-round questionnaire contained topics spanning various domains
(individual diagnostic tests, optimal cut-offs, diagnostic and classification criteria, and treatment options).
The questionnaire was circulated online using the commercially available Delphi platform (www.edelphi.
org) and anonymous responses were obtained from the participants. We refined and recirculated the
questions for the second round. Reminders were sent by e-mail before concluding each Delphi round to
ensure participation. We defined consensus as ⩾70% of experts agreeing or disagreeing on a statement.

The statements and questions that did not achieve consensus online were discussed in a hybrid meeting of
all experts (face-to-face or virtual participation; 7 September 2023, Pune, India). The answers to the entire
set of questions were also refined wherever required. The guidelines were formulated by the responses and
comments received during the two online rounds and the subsequent in-person discussion. The draft was
then circulated among the experts for further comments and suggestions. We used the terms “recommend”
and “suggest” where the consensus was ⩾70% and <70%, respectively. Finally, we provided the level of
consensus (LoC) for important summary statements based on rounds 1 and 2 (supplementary table S2). We
used the LoC achieved during the final round for statements not achieving consensus in rounds 1 and 2.

Results
The online surveys were conducted between 15 June and 15 August 2023. We sent invitations to 43
experts, of whom 39 participated. The 39 experts represented 13 countries across six continents
(supplementary table S1). Most experts had managed asthma with ABPA for at least 5 years and 51.3%
also reported caring for patients with CF-ABPA. Adult (49%) and paediatric (5%) pulmonologists
accounted for over half of the experts. The results of the Delphi process are presented in supplementary
table S2.

Nomenclature of allergic bronchopulmonary mycoses
We first deliberated on the nomenclature of ABPA and ABPM. The most common form of allergic airway
mycoses is ABPA [13], while ABPM is far less common [36]. Given the considerable overlap of the
antigen repertoire of the Aspergillus species, the DECG recommended using the term ABPA when allergic
mycoses are caused by any Aspergillus spp. (not A. fumigatus only) and ABPM when attributable to fungi
other than Aspergillus spp. The most common fungi responsible for ABPM include Bipolaris spp.,
Schizophyllum commune and Curvularia spp. [10]. Candida albicans has been implicated in several cases
of ABPM [36]; however, its pathogenicity remains uncertain.

Diagnosis of fungal sensitisation
As sensitisation represents the first diagnostic step in allergic mycoses [1], we discussed a few questions
regarding fungal sensitisation. However, we do not provide detailed guidance on fungal asthma without
ABPA, which can be found elsewhere [37–44].

A. fumigatus is the most common fungus associated with allergic sensitisation and ABPA [13]. In a recent
meta-analysis, the pooled prevalence of A. fumigatus sensitisation in asthmatic adults was 25% in tertiary
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care. Of the Aspergillus-sensitised individuals, nearly 37% could develop ABPA [13]. The prevalence of
Aspergillus sensitisation was high (16–17%) even in population-based studies [45, 46]. While most
patients with ABPA have moderate-to-severe asthma, some have mild asthma and thus screening solely
based on symptoms or asthma control may miss several cases [15, 16]. Given the high prevalence of
A. fumigatus sensitisation (and ABPA in A. fumigatus sensitisation), all asthmatic adults seeking tertiary
care should be evaluated for sensitisation against A. fumigatus. Screening is essential since ABPA can
occur even in mild asthmatic subjects and there is a high risk of progression to bronchiectasis if ABPA is
undetected. Other fungi (other Aspergillus spp., Candida, Penicillium, Alternaria, Cladosporium and
Trichophyton) are also implicated in allergic sensitisation; however, they rarely cause allergic airway
mycoses [10, 47–50]. Thus, evaluation for sensitisation to other fungi may be reserved for difficult-to-treat
asthma patients who do not have A. fumigatus sensitisation. The literature on fungal sensitisation in

Explaining the DECG process, including the use of the online platform 

Systematic literature review and selection of questions by the core committee

Round 1 Delphi

Circulation of finalised questions with response options

Collection and analysis of anonymous responses from the DECG

Round 3 

DECG meeting at Pune, India to discuss unresolved issues

Final responses and analysis

Summarising the recommendations and the level of consensus

Drafting the statement

Excluding questions where ≥70% consensus was achieved

Refining and selecting questions for the next round

Round 2 Delphi

Circulation of finalised questions

Collecting responses and analysis

Identifying questions without consensus, refining and preparing the agenda for the face-to-face meeting

Formation of ISHAM-ABPA core committee (five members) and selection of 

experts from multidisciplinary area

FIGURE 1 Decision flowchart explaining the various steps of the Delphi methodology used for the revised
International Society for Human and Animal Mycology (ISHAM)-allergic bronchopulmonary aspergillosis (ABPA)
working group guidelines. DECG: Delphi expert consensus group.
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children is predominantly for A. fumigatus [51] and data on other fungi are scarce [52]. The experts agreed
that among children, only those with difficult-to-treat asthma require screening for A. fumigatus
sensitisation rather than all asthmatic children [53].

The IgE immunoassay (cut-off 0.35 kUA·L−1, fluorescent enzyme immunoassay (FEIA)) is the most widely
used test to diagnose Aspergillus sensitisation [13]. The DECG accepted A. fumigatus-specific IgE as the
preferred screening tool for Aspergillus sensitisation (and ABPA), given its higher sensitivity (99–100%)
than the Aspergillus skin test (88–94%) [15, 16]. Also, A. fumigatus-IgE can detect sensitisation against
other Aspergillus spp., especially Aspergillus flavus [54]. A skin prick test may be performed additionally or
if fungus-specific IgE is unavailable. In asthmatic subjects without known A. fumigatus sensitisation,
sensitisation may be re-evaluated if there is unexplained deterioration in asthma control. While a few studies
have investigated repeated evaluation for sensitisation [55, 56], more evidence is required on the frequency of
periodic evaluation in those with previously negative A. fumigatus-specific IgE and uncontrolled asthma.

Recommendations
• We recommend evaluation for A. fumigatus sensitisation (LoC: 94.9%) rather than all fungi.

Assessment of sensitisation to other fungi is suggested in difficult-to-treat asthmatic subjects with
negative A. fumigatus sensitisation (LoC: 61.5%).

• We recommend fungus-specific IgE in preference to a skin prick test for documenting fungal
sensitisation in asthmatic subjects (LoC: 76.5%).

• We recommend evaluating Aspergillus sensitisation in all newly diagnosed asthmatic adults in tertiary
care settings (LoC: 71.4%).

• For children, we recommend evaluating Aspergillus sensitisation only in those with difficult-to-treat
asthma (LoC: 73.0%).

• We are unable to recommend the periodicity of screening for A. fumigatus sensitisation in those with a
negative test at the first screening.

Investigations for ABPA/M and the diagnostic cut-offs
Asthmatic subjects with A. fumigatus sensitisation need further evaluation to exclude ABPA [57]. Notably,
the methodology of performing the various immunological tests and the different cut-offs are important
sources of variation in practice across different centres [58–60], with the cut-off values varying with the
method used.

There was consensus for performing the following immunological tests in suspected ABPA:
A. fumigatus-specific IgE and IgG, serum total IgE, and peripheral blood eosinophil count. We could not
reach a consensus for recommending the Aspergillus skin test and serum precipitins against Aspergillus,
partly because access to these different test formats varies widely, and they have varying diagnostic
accuracy. However, these tests can be used when automated immunoassays are unavailable. Serum total
IgE is a non-specific marker of immunological activity, with a broad differential diagnosis when elevated [44].
However, it reflects disease activity and is an essential monitoring tool in ABPA [61–63]. The serum total
IgE values decrease during treatment and the last recorded value during clinical stability is termed the
“new baseline” [61]. An increase of ⩾50% of this new baseline serum total IgE is used for diagnosing
exacerbation. A value ⩾500 IU·mL−1 (by enzyme immunoassay) was recommended as the IgE cut-off to
diagnose ABPA. This recommendation deviates from the previous ISHAM-AWG guidelines
(⩾1000 IU·mL−1) [14], as the lower cut-off offers higher sensitivity (98% versus 91%) [16, 31, 32].

Immunoassay and immunoprecipitation (precipitins) are standard methods to detect IgG against
A. fumigatus. A recent meta-analysis found the pooled sensitivity of immunoassays better than
immunoprecipitation [17]. Automated immunoassays are easier to implement and more sensitive than
immunoprecipitation. On the other hand, immunoprecipitation allows in-house methods to vary the
antigens tested and is useful in diagnosing ABPM [64]. The cut-off of A. fumigatus-IgG for automated
immunoassays differs from the manufacturer’s recommendation and between assays and different
populations [65, 66]. For instance, the cut-off values for A. fumigatus-IgG used in India (⩾27 mgA·L−1)
and Japan (⩾60 mgA·L−1) differ from the UK cut-off (⩾40 mgA·L−1; manufacturer’s recommendation)
[18, 67, 68]. The experts stressed the need for data on the optimal cut-offs for A. fumigatus-IgG in
different populations and using different immunoassays. Until such data are available, other
population-specific cut-offs or the manufacturer’s recommendation should be used.

Eosinophils primarily drive ABPA pathogenesis; thus, lung or blood eosinophilia is a common feature of
ABPA [69–71]. However, eosinophilia may also be present in asthma, fungal-sensitised asthma and several
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other disorders [70]. Also, overlap between different eosinophilia-associated diseases is frequent and
contributes to higher levels of eosinophilia [52]. Despite a modest diagnostic performance for
differentiating ABPA from asthma [69, 72], blood eosinophilia can guide therapy, such as initiating
anti-type 2 biological agents or a need for combination therapy (with prednisolone and itraconazole) [28].
The DECG thus recommended blood eosinophil count to evaluate ABPA (cut-off 500 cells·µL−1).

Sputum eosinophilia may be a more accurate marker of eosinophilic inflammation and can guide therapy
[73, 74], although the experts felt that in many practice settings it may be difficult to obtain quality sputum
differential cell counts. The experts acknowledged the underutilised potential of sputum eosinophil count
and identified this as an unmet research need in ABPA [75]. Sputum differential cell counts could also
guide therapy in patients with ABPA exacerbations. One suggested algorithm that needs further research is
provided in supplementary figure S1.

Airway colonisation by Aspergillus spp. (or other fungi in ABPM) is crucial in initiating and sustaining
immunological responses against the fungi [76]. Unfortunately, the sensitivity and specificity of sputum
fungal culture are low in diagnosing ABPA. Further, it is difficult to assign causality to the isolated fungi
in ABPA, and dissociation between colonising and sensitising fungi is known [54, 77]. Thus, the DECG
did not recommend sputum fungal culture for diagnosing ABPA but recommended its use in ABPM.
Unlike ABPA, repeated isolation of a fungus is crucial for diagnosing ABPM [78]. Sputum fungal cultures
are essential to assess for azole resistance and could be obtained before starting antifungal treatment and
later to characterise treatment failures better [79]. Galactomannan is a vital component of the Aspergillus
cell wall and detecting serum galactomannan antigen has been approved to diagnose invasive pulmonary
aspergillosis. However, given the poor accuracy of serum galactomannan testing in ABPA [80], the DECG
recommended against its use for diagnosing ABPA.

Immunological tests for ABPA currently utilise crude A. fumigatus extracts [81]. Several
A. fumigatus-specific antigens (f1, f2, f3, f4 and f6) are commercially available through recombinant
technology [82, 83]. Recombinant A. fumigatus (rAsp) antigens can identify true A. fumigatus sensitisation
[84, 85]. IgE against rAsp antigens (f1, f2 and f4) was found specific for ABPA in two different studies
[86, 87], and is particularly helpful in cases where there is a mismatch between the colonising and
sensitising fungi [39]. While the elevation of blood eosinophil count, serum total IgE and
A. fumigatus-specific IgG can have several other causes, the IgE against rAsp antigens is highly specific
[39, 83–87]. Despite these advantages, the group recommended against the routine use of rAsp antigens
for diagnosing ABPA as they are not widely available [59, 83]. However, the experts suggested that IgE
against rAsp f1, f2 and f4 may be used for specific purposes, such as differentiating ABPA from ABPM
and clinical research [84]. IgE against rAsp f6 has been found helpful in diagnosing ABPA in systematic
reviews [83, 88]; however, it lacks specificity and can be falsely positive in subjects with atopic dermatitis,
possibly due to Malassezia cross-sensitisation [39, 85, 87]. Thus, the expert guidance based on prospective
studies suggests that only IgE against rAsp f1 and f2 (followed by f4) consistently differentiates asthmatic
subjects with and without ABPA. The manufacturer-recommended cut-offs may be suboptimal and
appropriate cut-offs should be derived for different populations [86].

Imaging the lungs is critical in diagnosing ABPA and the DECG recommended using thin-section
computed tomography (CT) (1.25–1.5 mm) [89, 90]. We have provided the technical details of the CT
acquisition protocol for ABPA in supplementary table S3. The higher sensitivity, identification of the type
and distribution of bronchiectasis, and recognition of mucus plugs are advantages of CT over a chest
radiograph [91, 92]. High-attenuation mucus (HAM), i.e. mucus visually denser than the paraspinal
muscles on non-contrast thorax CT, is a pathognomonic feature found in a subset of patients with
ABPA [93]. The sensitivity and specificity of HAM are 35% and 100%, respectively [16]. The DECG
recommended performing chest CT at baseline for diagnosis, assessment of bronchiectasis and
prognostication. A chest radiograph, not a chest CT, should be used during follow-up. While magnetic
resonance imaging is radiation-free, the DECG did not routinely recommend its use as it has no significant
diagnostic advantage over the readily available chest CT [94–96].

Flexible bronchoscopy is used to obtain respiratory samples for fungal culture [32]. However, considering
the invasive nature of the procedure, most experts did not recommend the routine use of bronchoscopy in
diagnosing ABPA. Instead, the DECG suggested performing bronchoscopy in suspected ABPA/M patients
in the following situations: 1) uncertain diagnosis, 2) in those with suspected ABPM where sputum
cultures are uninformative or cannot be obtained, 3) unexplained haemoptysis, or 4) in patients with
suspicion of chronic infection (tuberculous or non-tuberculous mycobacterial infection) before initiating
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systemic glucocorticoids. Infrequently, therapeutic bronchoscopy is required in ABPA patients to remove
mucus plugs in the setting of respiratory failure or recalcitrant mucus plugs despite systemic therapy [97–99].

Recommendations
• In asthmatic subjects with Aspergillus sensitisation, we recommend performing serum total IgE (LoC:

89.7%), A. fumigatus-specific IgG (LoC: 82.1%) and peripheral blood eosinophil count (LoC: 87.2%).
• We recommend using population-specific cut-offs to interpret Aspergillus-specific IgG. When data are

unavailable, we recommend using manufacturer-recommended cut-offs (LoC: 82.8%).
• We recommend the following cut-offs: serum total IgE ⩾500 IU·mL−1 (LoC: 71.8%) and blood

eosinophil count ⩾500 cells·µL−1 for diagnosing ABPA (LoC: 73.0%).
• We do not recommend using serum galactomannan for diagnosing ABPA (LoC: 92.3%).
• Sputum fungal culture is suggested during the evaluation of ABPA and may help identify the species

or guide therapy (LoC: 61.5%).
• Sputum fungal culture is recommended during the evaluation of ABPM (LoC: 100%).
• We recommend a thin-section chest CT at baseline to identify and characterise bronchiectasis, mucus

plugging, HAM and other abnormalities in patients with suspected ABPA (LoC: 92.3%).
• We suggest using a chest radiograph to assess treatment response in ABPA (LoC: 62.3%).
• Bronchoscopy is not routinely recommended for diagnosing ABPA (LoC: 86.1%).

Diagnostic criteria
ABPA was first described in 1952 by HINSON et al. [100]. However, the first attempt to formulate
diagnostic criteria was made in 1977 by ROSENBERG et al. [101]. Subsequently, several criteria have been
proposed, including the 2013 ISHAM-AWG criteria (figure 2) [14, 16, 32, 102, 103]. The group suggested
modifying the existing ISHAM-AWG criteria. In both rounds, consensus could not be reached (LoC:
48.7% and 53.8%). Most experts felt that the criteria must be simple and allow identification and
differentiation of ABPA and ABPM. Finally, after achieving consensus, we recommend separate criteria
for diagnosing ABPA and ABPM (tables 1 and 2).

2013

2003

1979

1977

2023

2021

2021

HINSON et al. [100]

First description of ABPA in

medical literature in 1952

ASANO et al. [32] 

Japanese ABPM working group criteria

Emphasis on fungal cultures and mucus plugs

NELSON et al. [102] 

First diagnostic criteria for ABPA in CF

ROSENBERG et al. [101] 

First formal criteria

SAXENA et al. [16] 

Refined and modified ISHAM-ABPA working group criteria

    tested using a latent class analysis

ISHAM-ABPA working group criteria [14] 

First global attempt to formulate objective and

    evidence-based criteria

CF Foundation consensus conference criteria 

STEVENS et al. [34] proposed consensus criteria

    for diagnosing ABPA in CF

Delphi consensus guidelines

Collaborative effort from the ISHAM-ABPA working group

Includes ABPA and ABPM in asthma, CF and other airway diseases

FIGURE 2 The evolution of various criteria for diagnosing allergic bronchopulmonary aspergillosis (ABPA).
ISHAM: International Society for Human and Animal Mycology; ABPM: allergic bronchopulmonary mycosis; CF:
cystic fibrosis.
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The diagnosis of ABPA/M should be suspected in patients with predisposing conditions or a compatible
clinico-radiological presentation (expectoration of mucus plugs, fleeting opacities on chest imaging,
finger-in-glove opacities and lung collapse). Thus, the revised criteria include a compatible presentation to

TABLE 1 Revised International Society for Human and Animal Mycology (ISHAM)-ABPA working group
consensus criteria for diagnosing allergic bronchopulmonary aspergillosis (ABPA)

Predisposing conditions (asthma, cystic fibrosis, chronic obstructive lung disease, bronchiectasis) or
acompatible clinico-radiological presentation

Essential components
bA. fumigatus-specific IgE ⩾0.35 kUA·L−1
cSerum total IgE ⩾500 IU·mL−1

Other components (any two)
dPositive IgG against A. fumigatus
Blood eosinophil count ⩾500 cells·µL−1 (could be historical)
Thin-section chest computed tomography consistent with ABPA (bronchiectasis, mucus plugging and

ehigh-attenuation mucus) or fleeting opacities on chest radiograph consistent with ABPA
Important considerations

aExpectoration of mucus plugs, finger-in-glove and fleeting opacities on chest radiograph, lung collapse,
and others.

bA positive type 1 skin test is acceptable when Aspergillus-IgE is unavailable.
cSerum total IgE <500 IU·mL−1 may be acceptable if all other criteria are fulfilled.
dA. fumigatus-specific IgG can be detected using lateral flow assays or enzyme immunoassays. The cut-offs

for A. fumigatus-specific IgG must be developed for specific populations (e.g. ⩾27, ⩾60 and ⩾40 mgA·L−1

for India, Japan and the UK, respectively). In the absence of population-specific cut-offs, we suggest using
manufacturer recommendations.

eHigh-attenuation mucus is pathognomonic of ABPA and confirms ABPA diagnosis even if all other criteria
are not fulfilled.

Elevated IgE against rAsp f1, f2 and f4 supports the diagnosis of ABPA and could be used as another
component for diagnosing ABPA.

A. fumigatus: Aspergillus fumigatus; rAsp: recombinant A. fumigatus.

TABLE 2 Revised International Society for Human and Animal Mycology (ISHAM)-ABPA working group
consensus criteria for diagnosing allergic bronchopulmonary mycosis (ABPM)

Predisposing conditions (asthma, cystic fibrosis, chronic obstructive lung disease, bronchiectasis) or
acompatible clinico-radiological presentation

bEssential components
cElevated fungus-specific IgE
dSerum total IgE ⩾500 IU·mL−1

Other components (any two)
ePositive fungus-specific IgG
Blood eosinophil count ⩾500 cells·µL−1 (could be historical)
Two sputum (or one bronchoalveolar lavage fluid) fungal cultures growing the causative fungus
Thin-section chest computed tomography consistent with ABPA (bronchiectasis, mucus plugging and

fhigh-attenuation mucus) or fleeting opacities on chest radiograph
Important considerations

aExpectoration of mucus plugs, finger-in-glove and fleeting opacities on chest radiograph, lung collapse,
and others.

bA. fumigatus-IgE should be <0.35 kUA·L−1.
cA positive type 1 skin test is acceptable.
dSerum total IgE <500 IU·mL−1 may be acceptable if all other criteria are fulfilled.
eFungus-specific IgG can be detected using enzyme immunoassays or double diffusion methods using

in-house/commercial antigens. The cut-offs for fungus-specific IgG must be developed for specific
populations. In the absence of population-specific cut-offs, we suggest using manufacturer
recommendations.

fHigh-attenuation mucus is pathognomonic of ABPM and confirms ABPM diagnosis even if all other criteria
are not fulfilled.

The absence of elevated IgE against rAsp f1, f2 and f4 excludes ABPA and strongly supports the diagnosis of
ABPM.

ABPA: allergic bronchopulmonary aspergillosis; A. fumigatus: Aspergillus fumigatus; rAsp: recombinant
A. fumigatus.
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enable diagnoses of ABPA/M in those without predisposing conditions [7]. Additionally, two components
are essential to make a diagnosis. The first is to document sensitisation against the implicated fungus
(using fungus-specific IgE), while the other is to demonstrate immunological activity (raised serum total
IgE). However, these two tests can also be positive in patients with fungal sensitisation without ABPA.
Here, besides the essential components, the presence of other features, including fungal-specific IgG,
peripheral blood eosinophilia and consistent imaging, confirms the diagnosis of ABPA/M. Importantly, the
presence of HAM on chest CT is pathognomonic and diagnoses ABPA/M, even when a few other criteria
components are missing [6, 104]. We have added another radiological finding, namely “fleeting opacities
consistent with ABPA” on chest radiographs, given its high specificity for diagnosing ABPA [89]. In most
ABPA/M patients, serum total IgE is ⩾500 IU·mL−1. Uncommonly, serum total IgE could be
<500 IU·mL−1 despite the presence of all other components. Low serum total IgE can be seen in those
with prior glucocorticoid treatment [105], the elderly [6] or when the patient has constitutively low IgE
before developing ABPA [106, 107]. Also, any range only covers 95% of the population and all
individuals will not meet a specific cut-off [108]. If available, IgE against rAsp antigens (f1, f2 and f4)
may be used to diagnose ABPA.

While investigating a patient for ABPA, we recommend performing A. fumigatus-specific IgE (figure 3). If
the value is ⩾0.35 kUA·L−1, serum total IgE levels should be measured. If the value is ⩾500 IU·mL−1,
other tests for ABPA, including A. fumigatus-specific IgG, peripheral blood eosinophil count, chest CT
and lung function tests, should be done to characterise the disease (table 1). The basic framework for
diagnosing ABPM is similar to ABPA, with a few differences (table 2). ABPM should be considered in
patients with possible ABPA, but A. fumigatus-specific IgE is <0.35 kUA·L−1. ABPM can be suspected
when a causative fungus is isolated in at least two sputum culture specimens or bronchoalveolar lavage
fluid culture. ABPM is then confirmed by demonstrating allergic sensitisation (skin test or fungus-specific
IgE), combined with a raised serum total IgE and consistent radiological features [109]. Unfortunately,
commercial assays for detecting IgE and IgG against fungi other than Aspergillus spp. are available only

Predisposing factors or compatible clinical presentation

A. fumigatus-specific IgE

levels ≥0.35 kUA·L–1

No

Serum total IgE ≥500 IU·mL–1

Yes

Repeated isolation of 

non-Aspergillus spp.
Serum total IgE ≥500 IU·mL–1

Two of the following:

BEC ≥500 cells·μL–1, fungus-IgG, 

fleeting chest radiographic 

opacities, abnormal chest CT

BEC ≥500 cells·μL–1

Elevated A. fumigatus-IgG or LFA

ABPM

Thin-section chest CT

No bronchiectasis Bronchiectasis Mucus plugs HAM CPF

ABPA-S ABPA-B ABPA-MP ABPA-HAM ABPA-CPF

Sensitisation to the 

implicated fungus

FIGURE 3 Diagnostic algorithm for allergic bronchopulmonary aspergillosis/mycosis (ABPA/M). Occasionally, patients may present with imaging
features of consolidation, centrilobular nodules (with a tree-in-bud appearance), atelectasis and mosaic attenuation. A. fumigatus: Aspergillus
fumigatus; LFA: lateral flow assay; CT: computed tomography; BEC: blood eosinophil count; ABPA-S: serological ABPA; ABPA-B: ABPA with
bronchiectasis; ABPA-MP: ABPA with mucus plugging; ABPA-HAM: ABPA with high-attenuation mucus; ABPA-CPF: ABPA with chronic
pleuropulmonary fibrosis.
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for a few species (Alternaria, Cladosporium, Candida, Mucor, Trichophyton and Penicillium). For other
fungi, including S. commune, Bipolaris and others, in-house assays are required for detecting IgE and IgG.
A skin test or immunoprecipitation would be required when fungus-specific IgE or IgG is unavailable.
There is also a high probability of misclassifying ABPA as ABPM if IgE and IgG against Aspergillus spp.
are performed using non-standardised assays. The rest of the workup for ABPM is similar to ABPA
(table 2). Notably, the absence of elevated IgE against rAsp f1, f2 and f4 strongly supports the diagnosis
of ABPM over ABPA in a patient with allergic pulmonary mycoses [84]. In settings where fungus-specific
serology is not available, ABPM may be pragmatically diagnosed if there is repeated and consistent culture
growth, serum total IgE ⩾500 IU·mL−1, peripheral blood eosinophilia and radiological features of ABPM,
provided the Aspergillus-specific serology is negative.

The differential diagnosis of ABPA/M is broad and caution is advised in making the diagnosis in patients
without either asthma or CF. A. fumigatus-specific IgE and IgG can be elevated in COPD, pulmonary
tuberculosis and bronchiectasis, and some of these patients can develop ABPA. Patients with chronic
pulmonary aspergillosis may have raised serum A. fumigatus-IgE and total IgE in addition to
A. fumigatus-IgG [109, 110]. Aspergillus (and fungal) bronchitis is associated with at least two positive
respiratory samples yielding the same fungus and may be associated with a raised A. fumigatus-IgG and
bronchiectasis, but without fulfilling the diagnostic criteria for ABPA/M. Patients with severe asthma may
be sensitised to A. fumigatus or multiple other fungi with a raised total IgE. They are classified as severe
asthma with fungal sensitisation under the umbrella of fungal asthma when they do not fulfil the ABPA/M
criteria. Patients with ABPA may also have an additional underlying aetiology for bronchiectasis [111].
Therefore, a search for other causes of bronchiectasis (immunodeficiencies, ciliary disorders and
mycobacterial infection) is prudent [112]. The diagnostic workup of bronchiectasis includes complete
blood count, A. fumigatus-specific IgE, sweat chloride test, immunoglobulin levels and mycobacterial
cultures from sputum [9, 113]. If the initial workup is negative, whole-exome sequencing can be
performed (to identify aetiologies such as primary ciliary dyskinesias, primary immunodeficiency and
atypical CF), especially in those with extensive bronchiectasis and recurrent infections since childhood.

Clinical classification and treatment response criteria
A clinical framework for classifying ABPA is essential due to the chronic relapsing nature of the illness
and the propensity for developing severe complications. Also, an objective treatment response criterion is
useful for monitoring therapy during routine care and in clinical trials. The first classification attempt
categorised ABPA into five stages [63]. As the stages were imprecise, the ISHAM-AWG previously
proposed a modified staging with more detailed definitions [14]. However, there were several unresolved
issues. Most importantly, the stages were labelled 0–6, but a patient does not necessarily progress from one
to another. The previous classification also did not reflect progressive severity since stage 4 (remission) is
a more stable clinical state than stage 3 (exacerbation), which is counterintuitive. To overcome these
limitations, we proposed modifications that achieved consensus in the second round (LoC: 85.3%).

In the new ABPA/M classification, we have removed the numbered stages and retained five categories:
acute ABPA, response, remission, treatment-dependent ABPA and advanced ABPA (table 3). We have
removed the asymptomatic stage and glucocorticoid-dependent asthma as they had no clear treatment
implications in ABPA. Also, we have included newly diagnosed ABPA and exacerbation together as acute
ABPA. To diagnose ABPA exacerbation, asthma or bronchiectasis (infective) exacerbations need to be
excluded, and we provide definitions for the two entities in table 3. Remission, as in asthma [114], is
diagnosed when the patient has no asthma or ABPA exacerbations, is not dependent on oral glucocorticoid
therapy and has the best possible lung function. Remission may be achieved spontaneously after treatment
or with antifungal azoles or biological agents. Finally, advanced ABPA is defined in patients with
extensive bronchiectasis and type 2 respiratory failure or secondary pulmonary hypertension (table 3).

Radiological classification of ABPA
CT of the thorax is crucial in diagnosing ABPA. However, due consideration should be given to the
radiation dosage when CT scans are ordered, especially in children. Chest CT is also prognostic. For
instance, the extent of bronchiectasis, HAM and any fungal ball are independent predictors of recurrent
ABPA exacerbations [91, 93, 115–118]. Central bronchiectasis (usually bilateral) is the predominant
pattern seen in ABPA, although it is not uncommon to find both central and peripheral bronchiectasis
[90, 119]. Isolated central bronchiectasis is encountered only in a few conditions, including ABPA and
tracheobronchomegaly, and is thus a helpful distinguishing feature [120]. Previously, Greenberger’s group
classified ABPA as ABPA with central bronchiectasis (ABPA-CB) or serological ABPA (ABPA-S) based
on the presence or absence of bronchiectasis [121, 122]. Subsequently, KUMAR [123] classified ABPA into
three groups: ABPA-S, ABPA-CB and ABPA-CB with other radiological findings (ABPA-CB-ORF). In a
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study involving 234 patients, AGARWAL et al. [93] categorised ABPA into ABPA-S (mild), ABPA-CB
(moderate) and ABPA-CB-HAM (severe). Based on all the evidence, the ISHAM-AWG had previously
classified ABPA radiologically into four categories: ABPA-S, ABPA with bronchiectasis (ABPA-B),
ABPA-HAM and ABPA with chronic pleuropulmonary fibrosis (ABPA-CPF) [14]. The term
“bronchiectasis” (B) was used instead of “central bronchiectasis” (CB) as bronchiectasis in ABPA can
extend to the periphery in up to 40% of the lobes [90, 92, 119, 124]. Mucus plugging without HAM is
another common radiological finding in ABPA. Mucus plugs are consistently associated with eosinophilic
inflammation and immunologically severe ABPA [71, 125].

The DECG discussed several radiological classifications. Finally, the scheme presented in table 4 achieved
consensus (LoC: 88.2%). The new classification includes five classes: ABPA-S, ABPA-B, ABPA with
mucus plugging (ABPA-MP), ABPA-HAM and ABPA-CPF (figure 4). ABPA-S refers to patients of
ABPA without bronchiectasis, while ABPA-B includes patients with bronchiectasis. ABPA-HAM has been
retained, as HAM is an independent and pathognomonic diagnostic feature of ABPA [126]. ABPA-MP
includes patients with non-hyperattenuating mucus plugs. Patients with bronchiectasis and mucus plugging
are labelled as ABPA-MP, given the greater immunological severity in those with mucus plugging. Other
radiological findings frequently observed in ABPA include centrilobular nodules (with a tree-in-bud
appearance), atelectasis, mosaic attenuation and consolidation. These findings can be seen in isolation or
with ABPA-B, ABPA-MP and ABPA-HAM. In patients with ABPA-CPF, a vital consideration is the
exclusion of chronic pulmonary aspergillosis [109, 110, 127, 128].

TABLE 3 Revised International Society for Human and Animal Mycology (ISHAM)-ABPA working group recommendations for clinical classification
and treatment response criteria for allergic bronchopulmonary aspergillosis/mycosis (ABPA/M)

Acute ABPA Newly diagnosed: Previously undiagnosed ABPA/M meeting the diagnostic criteria (tables 1 and 2).
Exacerbation: In a patient with diagnosed ABPA/M:
• Sustained (>14 days) clinical worsening; or
• Radiological worsening; and
• Increase in serum total IgE by ⩾50% from the last recorded IgE value during clinical stability, along with
• Exclusion of other causes of worsening.
Asthma exacerbation: worsening respiratory symptoms for at least 48 h without immunological or radiological
deterioration of ABPA/M.

Infective/bronchiectasis exacerbation: clinical deterioration for at least 48 h with an increase in cough, breathlessness,
sputum volume or consistency, sputum purulence, fatigue, malaise, fever, or haemoptysis, without immunological
or radiological deterioration of ABPA/M.

Response • Symptomatic improvement by at least 50% (on a Likert or visual analogue scale) after 8 weeks; and
• Major radiological improvement (>50% reduction in radiological opacities) or decline in serum total IgE by at

least 20% after 8 weeks of treatment.
Remission • Sustained (⩾6 months) clinico-radiological improvement, off glucocorticoids; and

• Lack of rise in serum total IgE by ⩾50% from the last recorded IgE value during clinical stability.
Patients on biological agents or long-term antifungal agents may also be considered in remission if they meet the

above criteria.
Treatment-dependent ABPA • Two or more consecutive ABPA/M exacerbations, each within 3 months of stopping glucocorticoids.

• Worsening respiratory symptoms AND worse imaging or rise in serum total IgE by 50% within 4 weeks of
tapering oral steroids on two separate occasions.

Advanced ABPA • Extensive bronchiectasis (⩾10 segments) due to ABPA/M on chest imaging; and
• Cor pulmonale or chronic type 2 respiratory failure.

TABLE 4 Revised International Society for Human and Animal Mycology (ISHAM)-ABPA working group recommendations for radiological
classification for allergic bronchopulmonary aspergillosis/mycosis (ABPA/M)

Serological ABPA (ABPA-S) ABPA with no bronchiectasis
ABPA with bronchiectasis (ABPA-B) ABPA with radiological evidence of bronchiectasis
ABPA with mucus plugging (ABPA-MP) ABPA with mucus plugging but without high-attenuation mucus; patients with both bronchiectasis and

mucus plugging will be classified as ABPA-MP
ABPA with high-attenuation mucus
(ABPA-HAM)

ABPA with high-attenuation mucus

ABPA with chronic pleuropulmonary
fibrosis (ABPA-CPF)

ABPA with two or more of the following: pulmonary fibrosis, fibro-cavitary lesions, fungal ball and
pleural thickening

Consolidation, centrilobular nodules (with a tree-in-bud appearance), atelectasis and mosaic attenuation are other common radiological findings
seen in ABPA that can occur in isolation or in the presence of ABPA-B, ABPA-MP and ABPA-HAM. In patients with ABPA-CPF, chronic pulmonary
aspergillosis complicating ABPA should be excluded.
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ABPA-S ABPA-B

ABPA-MP ABPA-MP

ABPA-HAM ABPA-HAM

ABPA-CPF ABPA-CPF

a)

c) d)

e) f)

g) h)

b)

FIGURE 4 Computed tomography showing various radiological categories in allergic bronchopulmonary
aspergillosis (ABPA). The scans are from different patients with ABPA. Lung windows for patients with
a) serological ABPA (ABPA-S) and b) ABPA with bronchiectasis (ABPA-B). Both lung and mediastinal windows
for patients with c, d) ABPA and mucus plugging (ABPA-MP), e, f ) ABPA with high-attenuation mucus
(ABPA-HAM) and g, h) ABPA with chronic pleuropulmonary fibrosis (ABPA-CPF). Chevron arrows: cylindrical
bronchiectasis; bold arrow: cystic bronchiectasis; arrowheads: mucus plugs; thin arrows: high-attenuation
mucus plugs (the attenuation of mucus plugs should be observed in the mediastinal windows).
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Treatment of ABPA
The principles of treating ABPA involve using anti-inflammatory agents (glucocorticoids or biological
agents targeting type 2 immune response) to control immune responses or antifungal agents to decrease
airway fungal colonisation. The treatment goals are symptom relief, improving asthma control, preventing
asthma and ABPA exacerbations, abrogating bronchiectasis progression, and minimising therapy-related
adverse events. The treatment principles of ABPM are like ABPA, except that the implicated fungus
guides the choice of antifungal drugs. The DECG reviewed the RCTs and the therapies available for
treating ABPA patients (tables 5 and 6) [22–29, 34, 42, 43, 92, 129–144].

Initiating treatment for newly diagnosed ABPA
Patients with acute ABPA require treatment with systemic therapies. Glucocorticoids are the most effective
treatment for acute ABPA [131]. An RCT involving 92 ABPA patients compared two glucocorticoid
dosing protocols (low dose (prednisolone 0.5 mg·kg−1·day−1 for 2 weeks, then on alternate days for
8 weeks; then tapered by 5 mg every 2 weeks and discontinued after 3–5 months) versus high dose
(prednisolone 0.75 and 0.5 mg·kg−1·day−1 for 6 weeks each; subsequently, tapered by 5 mg every 6 weeks
and discontinued after 8–10 months)). The frequency of ABPA exacerbations was similar in the two
groups and the lower dose resulted in fewer adverse events. However, there was a lower
clinico-radiological and immunological response at 6 weeks with the lower dose [23]. Several centres use
doses intermediate between the low and high doses (prednisolone 0.5, 0.25 and 0.125 mg·kg−1·day−1 for
4 weeks each, then tapered by 5 mg every 2 weeks till discontinuation). The DECG recommended using a
4-month course of low-to-moderate dose oral prednisolone (0.5 mg·kg−1·day−1 for 2–4 weeks, tapered and
completed over 4 months) for acute ABPA (table 6) [23, 25–28, 131]. Care should be taken while using
methylprednisolone because when combined with oral itraconazole, there is a higher risk of exogenous
Cushing’s syndrome and adrenal insufficiency [145, 146]. Notably, the experts suggested the need for
trials with even shorter duration of glucocorticoids, as the 4-month duration was derived from the need to
randomise against longer-term azole therapy. Many clinicians administer an initial 2-week course of
glucocorticoids in those started on an oral azole, and as symptoms are controlled, transition to high-dose
inhaled corticosteroids (ICS). Importantly, a combination of inhaled budesonide or fluticasone and
itraconazole can also cause exogenous Cushing’s syndrome [147]. While asymptomatic ABPA patients do
not routinely require systemic therapy, the treatment decision needs to be individualised. For instance,
patients can have well-controlled asthma on high-dose inhaled steroids and may benefit from treatment of
underlying ABPA, especially if the chest CT shows bronchiectasis or mucus plugging. Also, asymptomatic
patients with prolonged mucus plugging can progress to irreversible bronchiectasis. Thus, optimisation of
asthma treatment and close observation with a clinical review, chest radiograph and serum total IgE every
3–6 months is required if a decision is made not to treat patients with asymptomatic ABPA.

Oral antifungal triazoles, especially itraconazole, have similar effects as glucocorticoids but a slower
trajectory to improvement and a better safety profile than glucocorticoids [26]. Although the evidence was
limited to a single RCT, the DECG recommended using oral itraconazole (for 4 months) as an alternative

TABLE 5 Treatment of allergic bronchopulmonary aspergillosis (ABPA): key studies with the level of evidence

Summary statements Level of
evidence

References

High-dose inhaled steroids do not achieve symptom control or reduce ABPA exacerbations when used as
a primary therapy for acute ABPA

II [129, 130]

Oral glucocorticoids are the most rapid acting treatment for acute ABPA I [23, 27, 92, 131]
Oral itraconazole or voriconazole have similar efficacy as systemic glucocorticoids in acute ABPA, with
fewer adverse events

II [25, 26, 28, 43, 133]

Oral itraconazole has steroid-sparing action in treatment-dependent ABPA II [34, 42, 132]
Oral posaconazole achieves clinical remission in ABPA patients intolerant to other azoles III [133]
Omalizumab reduces asthma exacerbations and has steroid-sparing action in treatment-dependent ABPA II [22, 134]
Other biological agents (mepolizumab, benralizumab, dupilumab and tezepelumab) reduce asthma
exacerbations and have steroid-sparing action in treatment-dependent ABPA

III [135–142, 163]

Nebulised amphotericin B may reduce the number of ABPA exacerbations and increase the time-to-first
ABPA exacerbation when used as a maintenance therapy in stable ABPA

II [24, 29, 143]

Level of evidence I: well-conducted randomised controlled trial (RCT) or meta-analysis of well-conducted studies. Level of evidence II: well-
conducted prospective observational studies, RCTs with small sample size or high risk of bias. Level of evidence III: small case series or case
reports, observational studies with a high risk of bias, case–control or retrospective studies with a high risk of bias
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TABLE 6 Summary of various drugs available for treating allergic bronchopulmonary aspergillosis/mycosis

Dose Adverse events Other comments

Systemic glucocorticoids
Prednisolone 0.5 mg·kg−1·day−1 for 2 weeks, followed by 0.5 mg·kg−1·day−1

for alternate days for 8 weeks; then taper by 5 mg every
2 weeks and discontinue over 3–5 months

OR
0.5, 0.25 and 0.125 mg·kg−1·day−1, for 4 weeks each; then

taper by 5 mg every 2 weeks till discontinuation

Hyperglycaemia, hirsutism, acne, osteoporosis,
hypertension, cushingoid habitus, weight gain, opportunistic
infections, psychosis, depression, cataracts, gastritis, HPA

suppression, etc.

Methylprednisolone 0.4, 0.2 and 0.1 mg·kg−1·day −1, each, for 4 weeks; then taper
by 4 mg·week−1 to complete 4 months

Same as prednisolone Itraconazole increases the plasma levels of
methylprednisolone but not prednisolone

Deflazacort 0.75 mg·kg−1·day−1 for 4 weeks; decrease by half every
4 weeks for the next 2 months; then taper by 6 mg every

2 weeks and discontinue to complete 4 months

Lesser metabolic side-effects; an ongoing trial
is comparing prednisolone with deflazacort

(ClinicalTrials.gov: NCT04227483)
Antifungal agents

Conventional itraconazole
capsule

400 mg·day−1 in two divided doses for 4 months; maximum
dose 600 mg·day−1; it should be administered with meals to

improve absorption

Headache, gastritis, nausea, vomiting, liver toxicity, pedal
oedema, heart failure, tingling or numbness, hypertension,

palpitations, etc.

TDM should be performed (trough itraconazole
levels ⩾0.5 mg·L−1)

Super bioavailable
itraconazole capsule

260 mg·day−1 in two divided doses for 4 months; maximum
dose 390 mg·day−1; it should be given on an empty stomach

Same as conventional itraconazole PPIs or antacids do not affect serum levels

Voriconazole capsule 400 mg·day−1 in two divided doses; maximum dose
600 mg·day−1; it should be given on an empty stomach

Headache, hallucinations, anxiety, insomnia, rash,
photosensitivity, mucositis, liver toxicity, prolonged QTc,

tingling, numbness, skin cancer, etc.

TDM should be performed (trough itraconazole
levels ⩾1 mg·L−1)

Posaconazole
(delayed-release tablet
form or suspension)

800 mg·day−1 (oral suspension) in two divided doses;
300 mg·day−1 (delayed-release tablet) once daily; better

absorption with meals (tablet form) or fatty meals
(suspension)

GI intolerance, ankle oedema, rash, fatigue, etc. Routine TDM is not required; for better
outcomes, target trough level ⩾1 mg·L−1

Isavuconazole 200 mg·day−1 once daily; no relation to food intake GI intolerance, ankle oedema, rash, fatigue, etc. Routine TDM is not required; for better
outcomes, target trough level ⩾1 mg·L−1

Nebulised amphotericin B
deoxycholate

10 mg twice daily 3–6 times per week Bronchospasm, cough, fever, headache, sinusitis, etc. Reconstituted solution can be stored for
1 week at 2–8°C; safe in pregnancy

Nebulised liposomal
amphotericin B

25–50 mg once or twice weekly Bronchospasm, cough, fever, sinusitis, etc. Reconstituted solution can be stored for 48 h
at 2–8°C; safe in pregnancy

Biological agents
Omalizumab Dose is based on body weight and serum total IgE values

not exceeding 375 mg s.c. injection twice a month
Local reaction, headache, peripheral oedema, abdominal
pain, arthralgia, serum sickness, anaphylaxis and TIA

Mepolizumab 100 mg s.c. injection monthly Local reaction, eczema, headache, diarrhoea, fatigue,
arthralgia, herpes zoster, angioedema and anaphylaxis

Benralizumab 30 mg s.c. injection 4-weekly for three doses, after that every
8 weeks

Headache, fever, angioedema, local site reaction and
anaphylaxis

Dupilumab 600 mg s.c. injection followed by 300 mg every 2 weeks Diarrhoea, parasitic infections, dizziness, insomnia,
arthralgia, thrombosis, skin rash, local reaction,

anaphylaxis, etc.
Tezepelumab 210 mg s.c. injection every 4 weeks Arthralgia, local reaction, anaphylaxis and URTIs

HPA: hypothalamic–pituitary axis; TDM: therapeutic drug monitoring; PPI: proton pump inhibitor; QTc: corrected QT interval; GI: gastrointestinal; s.c.: subcutaneous; TIA: transient ischaemic
attack; URTI: upper respiratory tract infection.
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initial therapy for acute ABPA, given the considerable clinical experience with itraconazole. While
voriconazole has similar efficacy as glucocorticoids for treating acute ABPA [25], the experts expressed
concerns with its use as first-line therapy due to poorer patient tolerance. Also, prednisolone decreases the
plasma concentration of voriconazole in a dose-dependent fashion [148, 149]. A recent RCT of 191 patients
found no significant reduction in ABPA exacerbations with a combination of prednisolone and itraconazole
compared to prednisolone alone and a propensity for higher adverse events [28]. However, patients with
blood eosinophil count ⩾1000 cells·µL−1 and extensive bronchiectasis (⩾10 segments) had a reduced 1-year
exacerbation rate with the combination therapy [28]. Similarly, there is little evidence for posaconazole,
isavuconazole or a combination of newer azoles and glucocorticoids as the initial therapy for ABPA.

There are no data supporting the use of biological agents as first-line therapy in ABPA. Adjunctive vitamin
D supplementation was not helpful in managing ABPA [27], but vitamin D deficiency should be corrected
as it aggravates osteopenia due to long-term glucocorticoid usage. High doses of ICS alone do not achieve
immunological control or reduce exacerbations when used as therapy for ABPA [129, 130]. The efficacy
of nebulised amphotericin B in acute ABPA is also poor [143]. Notably, most studies on ABPA therapy
have included mainly patients with ABPA-B, with little data on ABPA-S [1, 40]. Most experts do not
routinely treat ABPA-S with systemic ABPA-specific treatment. Instead, patients with ABPA-S are
managed like asthma. However, oral glucocorticoids or azoles may be required in those with poor asthma
control or recurrent exacerbations despite optimal asthma management.

Recommendations
• We do not recommend treating asymptomatic ABPA patients with systemic therapy (LoC: 85.7%).
• ABPA-S should be treated with systemic therapy only if there is poor asthma control (LoC: 79.4%) or

recurrent exacerbations despite asthma therapy (LoC: 85.3%).
• We recommend a low-to-moderate dose (0.5 mg·kg−1·day−1 for 2–4 weeks, tapered and completed

over 4 months) of oral prednisolone (LoC: 78.1%) or oral itraconazole (LoC: 73.5%) for 4 months as
the initial therapy for treating acute ABPA.

• We recommend oral itraconazole as the initial therapy where systemic glucocorticoids are
contraindicated (LoC: 84.6%).

• We do not recommend using a combination of itraconazole and glucocorticoids as first-line therapy for
acute ABPA (LoC: 71.9%). However, a short course of glucocorticoids (<2 weeks) may be used as
initial therapy along with oral itraconazole.

• Oral voriconazole, posaconazole and isavuconazole should not be used as first-line agents for treating
acute ABPA (LoC: 78.1–96.9%). They may be used if there are contraindications to systemic
glucocorticoids and intolerance, failure or resistance to itraconazole therapy (LoC: 12.8–64.1%).

• High-dose ICS should not be used as primary therapy for acute ABPA (LoC: 100%).
• We do not recommend using biological agents as first-line therapy for acute ABPA (LoC: 96.9%).

Treatment of ABPA exacerbation
After treatment cessation, almost 50% of patients experience ABPA exacerbations [118]. In a patient with
ABPA, worsening of respiratory symptoms may occur due to asthma exacerbation, immunologically
exacerbated ABPA and infective exacerbation of bronchiectasis, apart from unrelated causes. The three types of
exacerbations can usually be differentiated using chest radiographs, serum total IgE and sputum bacterial
cultures. Occasionally, there can be an overlap of more than one cause of exacerbation in an individual patient.

ABPA exacerbations are characterised by sustained worsening (⩾2 weeks) of clinical symptoms or the
appearance of new infiltrates on chest imaging, along with an increase in serum total IgE by ⩾50% above
the “new baseline” IgE (during clinical stability) [1, 118]. Asthma exacerbations are not associated with
increased serum total IgE or new infiltrates on chest imaging and should be managed with a short course
of oral glucocorticoids. Bronchiectasis (infective) exacerbations are diagnosed with clinical worsening
without elevation in serum total IgE ⩾50% compared to baseline. Sputum cultures frequently show
bacterial growth in bronchiectasis exacerbations.

There are no RCTs for managing ABPA exacerbations and the options include using prednisolone,
itraconazole or their combination [150]. In clinical practice, ABPA exacerbation is managed like newly
diagnosed ABPA using either prednisolone or itraconazole. Many experts use a combination of oral
prednisolone and oral itraconazole in patients with recurrent exacerbations (⩾2 in the last 1–2 years),
especially in those with extensive bronchiectasis. Also, nebulised amphotericin B has poor efficacy for
treating ABPA exacerbations [143]. Pulse doses of methylprednisolone have been used for ABPA
exacerbations refractory to oral glucocorticoids [151].
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Recommendations
• We recommend treating acute ABPA exacerbations in the same manner as newly diagnosed ABPA

(LoC: 100%).
• A combination of oral prednisolone and itraconazole should be used for treating recurrent (⩾2 in the

last 1–2 years) ABPA exacerbations (LoC: 71.4%).
• We do not recommend using biological agents (LoC: 94.3%) or nebulised amphotericin B (LoC:

100%) for treating acute ABPA exacerbations.

Monitoring treatment response
After treatment initiation, patients should be monitored for response after 8–12 weeks using clinical
symptoms, serum total IgE and chest radiographs (figure 5). Instead of subjective assessment, the DECG
suggested that symptom monitoring be done using a semiquantitative Likert scale as no improvement (or
worsening), mild (<25% of baseline), moderate (25–50% of baseline) or significant improvement (>50%
of baseline) for routine clinical care. The experts suggested using a more quantitative scale like a visual
analogue scale (VAS) for clinical trials. A good response is indicated by a significant improvement in
symptoms (Likert score or VAS ⩾50%) and imaging (figure 6), along with at least a 20% reduction in the
serum total IgE levels [118].

Spirometry may be used to monitor treatment response. A recent study reported the minimal clinically
important difference (MCID) of forced expiratory volume in 1 s of 158 mL for treatment response in
ABPA [152]. Quality-of-life questionnaires are cumbersome and were discouraged unanimously by experts
for routine patient care [153]. However, for clinical trials, quality-of-life questionnaires could be used. An
important consideration is that the MCID for the quality-of-life questionnaires could differ in ABPA from
asthma. For instance, in one study, the MCID of the St George’s Respiratory Questionnaire was 8 points,
rather than the 4 points used in asthma [153]. The serum A. fumigatus-specific IgE and IgG levels do not
consistently fall following treatment [18, 61]. No studies have evaluated blood eosinophil count or
concentrations of IgE/IgG against rAsp antigens for assessing treatment response.

While using oral azoles, therapeutic drug monitoring is recommended initially at 2-week and 3-month
intervals or during clinical worsening. Significant variations in the bioavailability of different itraconazole

Newly diagnosed ABPA

Response Remission#
Stable for

6 months

Oral glucocorticoids or itraconazole (4 months)

Follow-up with spirometry, serum total IgE

and chest radiographs (8–12 weeks)

Exacerbation

First: oral glucocorticoids or itraconazole (4 months)

Frequent: oral glucocorticoids (4 months) and itraconazole (4 months)

Treatment-dependent ABPA

Oral azoles, anti-type 2 biological agents, nebulised amphotericin

or low-dose glucocorticoids

FIGURE 5 Stagewise management of patients with allergic bronchopulmonary aspergillosis/mycosis (ABPA/M).
#: remission may be achieved on antifungal azoles or biological agents, or spontaneously after therapy.
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preparations compromise response [154]. Likewise, drug–drug interactions are frequent with itraconazole, with
common issues being ICS exposure boosting and undetectable levels of itraconazole with rifampicin [155].
The recommended minimum therapeutic levels are >0.5, >1 and >1 µg·mL−1 for itraconazole, voriconazole
and posaconazole, respectively [156]. Monitoring for treatment-related adverse events is paramount. When
using systemic glucocorticoids, the DECG recommended monitoring plasma glucose, blood pressure, body
weight and mental status at the least. Monitoring liver function is necessary for patients receiving oral
azoles (table 6).

Recommendations
• We recommend assessing the initial treatment response after 8–12 weeks using a combination of

clinical, immunological and imaging findings (LoC: 100%). A good response is indicated by a major
improvement in symptoms (Likert score or VAS ⩾50%) and chest radiographs, along with at least a
20% reduction in serum total IgE.

• A. fumigatus-specific IgE and IgG (LoC: 100%), peripheral blood eosinophil count (LoC: 73.6%), and
IgE against recombinant antigens are not recommended for response assessment (LoC: 100%).

• We recommend therapeutic drug monitoring while using antifungal azoles (LoC: 91.4%).

Management of treatment-dependent ABPA
Almost 10–25% of ABPA patients become treatment-dependent [92, 121]. Two RCTs (84 patients) have
evaluated the efficacy of itraconazole in treatment-dependent ABPA [132, 157]. Itraconazole reduced the
oral glucocorticoid dose, sputum eosinophil count and ABPA exacerbations [132, 157]. A significant
limitation was that neither study reported outcomes beyond 8 months regarding ABPA exacerbations.

In the last two decades, several trials of monoclonal antibodies against IgE, interleukin (IL)-5, IL-5
receptor (IL-5R), IL-4 receptor α (IL-4Rα) and thymic stromal lymphopoietin (TSLP) have demonstrated
clinical benefit in severe eosinophilic asthma [158–161]. Biological agents are likely helpful in stable
treatment-dependent ABPA based on case reports and small case series [41, 134, 162]. Omalizumab is a
potential therapeutic approach since ABPA is associated with elevated IgE levels. Mepolizumab
(anti-IL-5), benralizumab (anti-IL-5R), dupilumab (anti-IL-4Rα) and tezepelumab (anti-TSLP) have also
been used in ABPA patients [135, 142, 162–165]. Most experience of biological agents in ABPA is with
omalizumab. Using omalizumab in ABPA led to improvement in symptoms, reduction in exacerbations
and asthma hospitalisations, improvement in lung function, and reduction in the dose of oral steroids [134,
166]. In the only crossover RCT of 13 patients, omalizumab use (versus placebo) was associated with less
frequent exacerbations and decreased basophil reactivity to A. fumigatus [22]. Biological agents should
also be considered for maintenance therapy for underlying asthma [167]. Finally, continuous low-dose
glucocorticoids should be the last option in managing treatment-dependent ABPA.

a) b)

FIGURE 6 Chest radiographs showing major improvement of pulmonary opacities from a) before to b) after
treatment in a patient with allergic bronchopulmonary aspergillosis.
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Recommendation
• Long-term itraconazole (100%), nebulised amphotericin B (LoC: 100%) or biological agents (LoC:

71%) are recommended options for managing treatment-dependent ABPA.

Management of ABPA in remission
During remission (stable disease), ABPA patients should be managed for underlying asthma and
bronchiectasis (ICS and long-acting bronchodilators, nebulised saline, antibiotics, and others) per the
existing guidelines [112, 167]. Patients should be monitored with clinical review, serum total IgE levels
and lung function test every 3–6 months for the first year and then every 6–12 months. Remission can be
prolonged by using long-term itraconazole, nebulised amphotericin B (LoC: 100%) and biological agents
(LoC: 71%), especially in those with treatment-dependent ABPA.

Two RCTs have also evaluated the role of nebulised amphotericin B as maintenance to prevent future
ABPA exacerbations [24, 29]. In both studies, patients with ABPA exacerbation were treated for 4 months
with oral glucocorticoids or prednisolone and itraconazole. After that, they were randomised to receive
nebulised amphotericin B versus placebo. In the smaller pilot study (21 patients), using nebulised
amphotericin B deoxycholate (10 mg twice daily, three times a week) reduced ABPA exacerbations at
1 year [24]. In the larger NEBULAMB study (139 patients), while the primary outcome was not
significant, the time-to-first exacerbation was significantly longer with nebulised liposomal amphotericin B
(25 mg weekly) compared to the control group [29].

Recommendations
• We recommend that patients in remission be managed for underlying asthma and bronchiectasis per the

existing guidelines (LoC: 100%).
• For patients achieving remission with antifungal azoles or biological agents, we recommend periodic

assessments to determine the need for these therapies (LoC: 100%).

Management of extensive bronchiectasis and advanced ABPA
There are no specific studies on advanced ABPA [168]. Nebulised hypertonic saline (3–7%, 4–5 mL) can
reduce sputum viscosity and ease the expectoration of mucus plugs in bronchiectasis patients [112].
Treatment should be preceded by nebulised salbutamol to minimise the risk of bronchospasm. Also, the
first dose of nebulised hypertonic saline should be administered under supervision [169, 170]. Nebulised
antibiotics and long-term azithromycin therapy can improve outcomes in ABPA patients with
bronchiectasis and frequent infective exacerbations [112, 171]. Caution is advised when using
azithromycin in those receiving itraconazole, as it can cause QTc prolongation. In some ABPA patients,
widespread bronchiectasis can eventually lead to chronic type 2 respiratory failure and pulmonary
hypertension [168].

The DECG recommended extrapolating guidance from other pulmonary disorders (chronic obstructive lung
disease, interstitial lung disease and bronchiectasis) for long-term oxygen therapy (LTOT), vaccination and
lung transplantation [112, 172, 173]. LTOT in those with resting hypoxaemia (arterial oxygen tension
(PaO2

) ⩽55 mmHg) reduces pulmonary hypertension and improves survival in patients with chronic
obstructive lung disease. There is no role for LTOT in mild hypoxaemia (PaO2

>55 mmHg at rest) or
nocturnal oxygen desaturation [174]. In one study, patients with chronic and allergic aspergillosis
responded poorly to the 23-valent pneumococcal polysaccharide vaccine compared to healthy adults [175].
Thus, influenza or pneumococcal vaccine should be administered before initiating glucocorticoid therapy
or delayed until the underlying condition is better controlled (e.g. after treatment with antifungals or
glucocorticoids). The International Society for Heart and Lung Transplantation criteria should be used to
refer and list patients with advanced ABPA [172].

Recommendation
• We recommend using standard guidelines from other pulmonary disorders for LTOT, vaccination and

lung transplantation (LoC: 100%).

Treatment in special conditions
ABPA during pregnancy
The principles of managing ABPA during pregnancy are to optimise asthma and ABPA control while
preventing harm to the fetus. Most ABPA trials have excluded pregnant patients and data are extrapolated.
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Oral glucocorticoids for the duration and dose required in ABPA are safe in pregnancy [176], while the
use of oral itraconazole is associated with a higher risk of premature births and abortions [177]. Experience
with biological agents in ABPA during pregnancy is limited. When used with oral glucocorticoids,
omalizumab increases the risk of pre-term delivery [178]. In a systematic review of biological agent use
during pregnancy with atopic disease, major fetal defects, low birthweight, pre-term delivery and stillbirths
were reported [179].

Recommendations
• We recommended using systemic glucocorticoids (in the same doses as for non-pregnant) for

managing acute-stage or treatment-dependent ABPA in pregnancy (LoC: 73.0%).
• We recommend avoiding the use of biological agents (LoC: 86.5%) or oral azoles (LoC: 100%) for

managing acute-stage or treatment-dependent ABPA in pregnancy.

ABPA in CF
There are no RCTs of treatment in CF-ABPA [180, 181]. Glucocorticoids or azoles are the preferred initial
agents. Glucocorticoids can induce diabetes mellitus, with grave consequences in CF. Monthly doses of
intravenous methylprednisolone therapy alone or with azoles have been used to limit the toxicity associated
with daily glucocorticoids [182]. The combination of glucocorticoids with azoles is also increasingly being
used in CF-ABPA. In one survey, combination therapy was preferred by most respondents for treating
newly diagnosed ABPA and first exacerbation [183]. A 3-week course of oral corticosteroids combined
with oral itraconazole for 12 months effectively treated CF-ABPA [184]. While using itraconazole
capsules, therapeutic drug monitoring is essential as the drug is poorly absorbed in CF. The super
bioavailable itraconazole formulation was well-tolerated and achieved therapeutic response in 81% of
patients with CF-ABPA [185]. Voriconazole leads to photosensitivity and should be used with caution.
Posaconazole achieved therapeutic drug levels and good clinical response in CF-ABPA [144]. While a
previous review suggested that omalizumab might benefit patients with ABPA [186], a recent case series
found no benefit with omalizumab [187]. Like in asthma, pulmonary exacerbations in a patient with
CF-ABPA could be related to ABPA or pulmonary infection [34].

Recommendation
• We recommend diagnosing and treating CF-ABPA using the same treatment tenets outlined for ABPA

in asthma; however, exercising due caution for issues specific to CF (LoC: 100%).

ABPA in children
Growth retardation with the use of systemic corticosteroids and the erratic bioavailability of azoles due to
age-related changes in cytochrome P450 enzymes are of primary concern [188]. There are no randomised
trials on the treatment of ABPA in children [189]. Omalizumab and mepolizumab are approved for asthma
therapy in the age group ⩾6 years [190, 191], while other biological agents can be used in those ⩾12 years
old. The DECG recommended using systemic glucocorticoids or oral itraconazole for treating acute ABPA
in children as in adults. The experts felt more research was needed to address the therapeutic issues
affecting ABPA in children.

Recommendation
• We recommend treating ABPA in children using the same treatment principles outlined for ABPA in

asthmatic adults; however, exercising due caution for issues specific to children (LoC: 100%).

Environmental control
Aspergillus is a common mould found in various environments, including soil, decaying vegetation and
indoor environments. Evidence suggests that environmental exposures to Aspergillus spores could drive
exacerbations [100, 192–194]. The DECG, therefore, suggested minimising activities that could result in
the inhalation of large numbers of Aspergillus conidia [195]. If such activities are unavoidable, surgical
masks or the more effective N95 respirators may minimise spore inhalation. Further, regular cleaning and
maintenance of heating, ventilation and air conditioning (HVAC) systems may prevent mould growth
[196–198]. Identifying and promptly addressing water leaks is essential, as damp environments promote
mould growth. Similarly, ensuring proper ventilation in bathrooms, kitchens and other areas prone to
moisture accumulation may prevent mould growth [199]. Cleaning and dusting living spaces should be
performed regularly using damp cloths to minimise the accumulation and dispersion of spores into the air.
Indoor air quality monitoring represents a valuable tool to evaluate the fungal exposome [200].
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Limitations
Our guidelines have a few limitations. We used a modified Delphi methodology and the third round was
non-anonymised. However, this was by design, as we wanted a consensus on most questions, especially
the diagnostic criteria. A consensus might not have been achieved if we followed the conventional Delphi
for the third round. We tried to ensure the representation of experts from various disciplines. However,
nearly half of the experts were from India. One can argue that the agreement for several questions was due
to a significant representation from a few countries (India and the UK). However, this was not the case, as
we can note that we did not reach even 50% consensus for nearly half of the questions circulated in the
first round of Delphi (supplementary table S2), including the most critical aspects of the guidelines (the
diagnostic criteria and therapeutics), thus indicating a significant heterogeneity in practice. Finally, most
recommendations were consensus-based rather than evidence-based due to the lack of evidence in many
areas. However, the Delphi process is ideally suited for such situations.

Future directions
More studies are needed on the community prevalence of fungal sensitisation and ABPA/M to evaluate the
need for screening asthmatic subjects for ABPA in primary or secondary care. The prevalent fungus in
ABPM must also be evaluated in various geographic locations. The pathogenesis of ABPA needs to be
better understood, such as research on airway mucus biology, genetic predisposition and detailed
elucidation of the host–pathogen interaction. In the diagnosis of ABPA, most studies have used the FEIA
platform to perform immunological investigations. Hence, more studies using different platforms and their
comparisons are needed. Increasingly, newer automated platforms are being introduced and would require
fresh performance evaluations.

ABPM is under-recognised because of a lack of standardised commercial assays, which need to be
developed. The practical application of component-resolved diagnostics requires the development of
diagnostic cut-offs and validation from various countries to enable their use in routine care. While we have
proposed guidance for differentiating asthma, bronchiectasis and ABPA exacerbations, this may not always
be possible. More research is required to evaluate the role of rAsp antigens, sputum Aspergillus PCR and
sputum eosinophil count to differentiate between these entities accurately (supplementary figure S1). The
treatment of ABPA/M requires detailed evaluation. For instance, the radiological categorisation of ABPA
has no clear therapeutic implication. However, future trials should investigate personalised therapy for
ABPA, depending on the specific imaging subgroups. Randomised trials are necessary to define the role of
various biological agents (as maintenance therapy for glucocorticoid-dependent ABPA and acute ABPA),
inhaled antifungals (for acute ABPA as well as for maintenance therapy) and safer glucocorticoids in
different patient populations, including CF, children and others. Future studies must also address indoor air
quality control using air purifiers, dehumidifiers and others to reduce fungal airway colonisation and
improve ABPA outcomes.

Conclusions
We present Delphi consensus guidelines on diagnosing, classifying and treating allergic bronchopulmonary
mycoses from the ISHAM-AWG. These guidelines will help bring uniformity in diagnosis and simplify
the management of ABPA patients in both clinical care and research.
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